The sexual transmission of human immunodeficiency virus type 1 (HIV-1) is facilitated by inflammation and related epithelial barrier perturbation. Microbicides for vaginal applications are currently being developed to reduce the risk of HIV-1 transmission. However, little is known about their interference with epithelial immune function. In recent clinical trials, nonoxynol-9 (N-9), a virucide with a long history of intravaginal use as a contraceptive, failed to protect against HIV-1 possibly due to mucosal inflammatory damage. Cellulose acetate 1,2-benzenedicarboxylate, also named CAP (for "controls AIDS pandemic"), is an anti-HIV-1 microbicide selected from pharmaceutical excipients that are regarded as safe for oral administration but have not been assessed for potential effects on inflammatory factors in the vaginal environment. Here we use a sensitive human cell culture system to evaluate proinflammatory profiles of soluble CAP in reference to N-9 and known epithelial activators such as tumor necrosis factor alpha (TNF-␣) and bacterial lysates. Within 6 h of exposure, TNF-␣ and N-9 triggered NF-B and AP-1/cFos activation and upregulated interleukins and an array of chemokines by vaginal and polarized cervical epithelial cells. The induced proinflammatory status continued after removal of stimuli and was confirmed by enhanced transepithelial neutrophil migration. While sustaining stability and anti-HIV-1 activity in the epithelial environment, CAP did not increase the production of proinflammatory mediators during or after exposure, nor did it modify the epithelial resistance to leukocyte traffic. CAP attenuated some TNF-␣-induced responses but did not interfere with epithelial cytokine responsiveness to gonococcal determinants. The described system may be useful for predicting proinflammatory side effects of other microbicide candidates for vaginal application.
The sexual transmission of human immunodeficiency virus type 1 (HIV-1) is facilitated by inflammation and related epithelial barrier perturbation. Microbicides for vaginal applications are currently being developed to reduce the risk of HIV-1 transmission. However, little is known about their interference with epithelial immune function. In recent clinical trials, nonoxynol-9 (N-9), a virucide with a long history of intravaginal use as a contraceptive, failed to protect against HIV-1 possibly due to mucosal inflammatory damage. Cellulose acetate 1,2-benzenedicarboxylate, also named CAP (for "controls AIDS pandemic"), is an anti-HIV-1 microbicide selected from pharmaceutical excipients that are regarded as safe for oral administration but have not been assessed for potential effects on inflammatory factors in the vaginal environment. Here we use a sensitive human cell culture system to evaluate proinflammatory profiles of soluble CAP in reference to N-9 and known epithelial activators such as tumor necrosis factor alpha (TNF-␣) and bacterial lysates. Within 6 h of exposure, TNF-␣ and N-9 triggered NF-B and AP-1/cFos activation and upregulated interleukins and an array of chemokines by vaginal and polarized cervical epithelial cells. The induced proinflammatory status continued after removal of stimuli and was confirmed by enhanced transepithelial neutrophil migration. While sustaining stability and anti-HIV-1 activity in the epithelial environment, CAP did not increase the production of proinflammatory mediators during or after exposure, nor did it modify the epithelial resistance to leukocyte traffic. CAP attenuated some TNF-␣-induced responses but did not interfere with epithelial cytokine responsiveness to gonococcal determinants. The described system may be useful for predicting proinflammatory side effects of other microbicide candidates for vaginal application.
Topical microbicides capable of killing or inactivating virus or blocking viral mucosal entry and at the same time preserving or enhancing the natural mucosal barrier are sought to prevent the sexual transmission of human immunodeficiency virus type 1 (HIV-1) and other viral and bacterial pathogens (61) . Currently, about half of the new HIV-1 infections worldwide occur in women who acquire HIV-1 infection during sexual contact, most likely via transepithelial penetration of cell-free virus or HIV-1-infected cells (10, 57) . The multilayered stratified epithelium in the vagina and ectocervix and the tight-junction columnar epithelium in the endocervix in unison with the normal vaginal microflora maintain an efficient barrier against HIV-1, which accounts for relatively low odds of acquiring HIV-1 infection by women with a healthy vaginal environment (47) . In contrast, women with vaginal inflammatory conditions induced by pathogens or vaginally applied chemical products may be at higher risk resulting from multiple mechanisms of barrier dysfunction (Fig. 1) . Previous studies showed that nonoxynol-9 (N-9), which disrupts the viral membrane due to its detergent properties and is widely used in chemical contraceptives and sexual lubricants, can induce a cumulative inflammatory reaction by interleukin-1 (IL-1)-mediated NF-B activation in cervical and vaginal epithelial cells (21) . Consecutive N-9 administrations in healthy subjects were associated with inflammatory sequelae, marked by increased levels of IL-1, IL-8, and macrophage inhibitory protein 1 (MIP-1) in cervicovaginal secretions and recruitment of polymorphonuclear cells and macrophages (21) . Inflammatory lesions associated with frequent N-9 use may underlie its failure to protect against HIV-1 in recent phase II and III clinical trials despite N-9's high microbicidal potency in vitro (60, 62) . Unfortunately, these effects could not be predicted by conventional toxicology and clinical phase I safety trials, suggesting the need for improved systems for microbicide safety evaluation in the earlier stages of drug development.
Here we apply well-characterized human vaginal and cervical epithelial cell lines (16, (18) (19) (20) to model key barrier functions of the cervicovaginal epithelium and to study inflammatory correlates predisposing for HIV-1 infection. Using N-9 as the positive control and the appropriate diluent as the negative control, we characterize the effects of a potent anti-HIV-1 microbicide, cellulose acetate 1,2-benzenedicarboxylate (CAP, for "controls AIDS pandemic"), which belongs to the group of generally regarded as safe pharmaceutical excipients (39, 41, 44) . Cellulose acetate 1,2-benzenedicarboxylate has a long history of safe oral use as a matrix ingredient of tablets and capsules and as a coating agent for enteric tablets (35) . The soluble CAP polymer used in this study has dual anti-HIV-1 and anti-herpes simplex virus activity in vitro (41, 43) . CAP formulated for vaginal application shows potent anti-HIV-1 activity in vitro (42) , inhibits vaginal transmission of simian immunodeficiency virus and simian/human immunodeficiency viruses in rhesus monkeys (6, 37) , and is currently in clinical phase I trials. This study demonstrates that CAP has no proin- 
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Sciences, Boston, Mass.). The epithelial cells were grown in 96-well plates until complete confluence and incubated with twofold dilutions of test agents in keratinocyte medium for 30 min and 6 and 24 h. For the ATP assay, cells were grown in clear-bottom white tissue culture plates (Becton-Dickinson Labware, Franklin Lakes, N.J.) and the plate bottom was covered before reading with white tape to minimize luminescence loss and cross talk. At the end of each treatment period, supernatants were removed for cytokine measurement and replaced with fresh medium. For the MTT assay, the plates were incubated for 4 h in a CO 2 incubator with MTT (10 l of MTT/well) followed by the addition of 100 l of stop-solubilization reagent (Promega) overnight and reading of optical densities (ODs) at 540 nm and 620 nm. For the ATP assay, plates were incubated for 30 min at room temperature with the luciferase reagent (100 l/well) on an orbital shaker and luminescence was read at 1 s of integration time/well. Percentages of viable cells in stimulated versus control cultures were calculated based on OD or relative luminescent units. Inhibition of HIV-1 replication. The inhibitory activity on infection of MT-2 cells by HIV-1 IIIB was determined as previously described (27) in epithelial cell culture supernatants 24 h after conditioning with CAP. Briefly, 50 l of cell culture sample with CAP (2.5 mg/ml) or without CAP at a twofold dilution was mixed with 50 l of HIV-1 at 100 50% tissue culture infective doses at 37°C for 30 min before the addition of 100 l of MT-2 cells (10 5 /ml). After incubation at 37°C overnight, the culture supernatants were removed and fresh medium was added. On the fourth day postinfection, 100 l of culture supernatants was collected from each well, mixed with an equal volume of 5% Triton X-100, and assayed for p24 antigen, which was quantitated by enzyme-linked immunosorbent assay (ELISA). Briefly, the wells of polystyrene plates (Immulon 1B; Dynex Technology, Chantilly, Va.) were coated with anti-HIV-1 immunoglobulin at 5 g/ml (prepared from plasma of HIV-seropositive donors with high neutralizing titers against HIV-1 IIIB ) (51) in 0.085 M carbonate-bicarbonate buffer (pH 9.6) at 4°C overnight, followed by washes with 0.01 M phosphate-buffered saline (PBS) containing 0.05% Tween-20 and blocking with PBS containing 1% dry fat-free milk (Bio-Rad, Inc., Hercules, Calif.). Virus lysates were added to the wells and incubated at 37°C for 1 h. After extensive washes, culture supernatants containing anti-p24 MAb (183-12H-5C) at a 1:100 dilution, biotin-labeled antimouse immunoglobulin G1 (Santa Cruz Biotech, Santa Cruz, Calif.), streptavidin-labeled horseradish peroxidase (Zymed, South San Francisco, Calif.), and the substrate 3,3Ј,5,5Ј-tetramethylbenzidine (Sigma) were added sequentially. Reactions were terminated by the addition of 1 N H 2 SO 4 . Absorbance at 450 nm was recorded by an ELISA reader (Ultra 384; Tecan, Research Triangle Park, N.C.). Recombinant protein p24 (U.S. Biological, Swampscott, Mass.) was included for establishing standard dose-response curves. The percent inhibition of p24 production by a sample was calculated as previously described (27) , and the concentration for 50% inhibition was calculated by using the software designated Calcusyn (8) . All samples were tested in triplicate.
Cytokine and chemokine assays. Since cytokine and chemokine mRNA expression is not always translated into protein and therefore the detection of VOL. 49, 2005 PROINFLAMMATORY PROFILING OF VAGINAL MICROBICIDES 325 message may not reflect net proinflammatory effects at various incubation times (26), we chose to investigate these effects at the protein level by using traditional ELISA and multiplex proteome analysis. Our preliminary results and previous findings have shown that most chemokines and cytokines, e.g., IL-8 and IL-6, are secreted as they are produced by stimulated vaginal epithelial cells, whereas IL-1 and IL-1 receptor antagonist (IL-1RA) accumulate in the cytoplasm before their release (17) . Therefore, we collected culture supernatants for cytokine and chemokine arrays; however, IL-1 and IL-1RA were quantified in both cell supernatants and lysates. Confluent vaginal, ectocervical, and endocervical epithelial monolayers, grown in 96-well plates, were treated with test agents for 6 or 24 h. Supernatants were collected at the end of each treatment period or 18 h after test agent removal. MTT assays that were preformed on the same cultures after supernatant removal ascertained cell viability under each test condition. To determine intracellular IL-1 and IL-1RA concentrations, the cells were thoroughly washed three times in PBS to remove compounds and lysed on ice in 0.5% , N-9 (3.7 g/ml) (B), TNF-␣ (25 ng/ml) (C), TNF-␣ plus NF-B inhibitor sulfasalazine (2 mM) (D), carboxymethyl cellulose (2.5 mg/ ml) (E), and CAP (2.5 mg/ml) (F). The status of activation is indicated by the red labeling of the nuclear localization sequence on the p65 subunit of the NF-B heterodimer. Original magnification, ϫ250.
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Triton X-100 in PBS and the cell lysates were assayed by ELISA. Cytokine concentrations were normalized per protein content measured by the Pierce BCA protein assay (Fisher Scientific). Polarized endocervical monolayers were treated by placing 0.25 ml of test agent on the apical epithelial surface for 6 h and collecting culture medium from the basolateral compartment of the dual-chamber system. Triplicate or quadruplicate cultures were tested for each dose and condition.
Culture supernatants were screened at 1ϫ, 2ϫ, and 10ϫ dilutions in 16-plex SearchLight proteome arrays (Pierce Biotechnology, Inc., Woburn, Mass.). Levels of IL-1␣, IL-1RA, IL-6, and IL-8 were quantified in culture supernatants by traditional colorimetric or chemiluminescent ELISA assays (R&D Systems), in a multilabel Victor 2 microplate counter, and Wallac 1420 software, version 2.01 (Perkin Elmer Life Sciences). Possible interference of CAP with cytokine detection in each ELISA was tested by spiking cytokine standards with escalating doses of CAP and equivalent doses of acetate diluent. Curve fit analysis was performed by using Workout, version 1.05, software (DAZDAQ Ltd., Brighton, East Sussex, England).
Transcription factor nuclear translocation assays. Colorimetric TransFactor ELISA-based assays from BD Biosciences Clontech (Palo Alto, Calif.) were used to determine the effect of test agents on the nuclear translocation of transcription factors from the NF-B (p50 and cRel) and the AP-1 (cFos) families. Oligonucleotides containing the consensus sequences for each transcription factor were coated onto ELISA wells. Initial stimulations of epithelial cells were performed at 1, 2, and 5 h. The best stimulation was achieved at 5 h. Therefore, this time point was chosen for repeated experiments presented in this study. For each experiment, all compounds were tested in parallel cultures with the same duration of exposure. Nuclear protein was extracted from control and treated cell cultures grown to confluence in T175 tissue culture flasks (approximately 10 7 cells/sample) by using the TransFactor extraction kit (BD Biosciences Clontech) as per the manufacturer's instruction. Protein content was determined and quantified by the Pierce BCA protein assay (Fisher Scientific). Nuclear extracts were incubated in the wells (30 g of protein/well) in the absence or presence of competitor oligonucleotides that have the same DNA sequence as the wild-type oligonucleotide coated onto the wells. Bound nuclear transcription factor proteins were detected with specific primary antibody followed by horseradish peroxidase-coupled secondary antibody and 3,3Ј,5,5Ј-tetramethylbenzidine substrate supplied by the manufacturer. The reaction was stopped by 0.009 M sodium azide, and the absorbance at 650 nm was read by using the multilabel Victor 2 microplate reader.
Immunocytochemistry. For immunocytochemistry, epithelial cells were grown in eight chamber tissue culture slides (Fisher Scientific). Confluent monolayers were incubated with test agents for 1 and 6 h, washed in PBS, and fixed with cold absolute ethanol or acetone. The same duration of exposure was used for all compounds in each experiment. In some experiments, we demonstrated NF-Bdependent activation by using 2 mM sulfasalazine (stock solution in dimethyl sulfoxide) to block IB phosphorylation and proteasome degradation (65) .
Immunocytochemical analysis was performed by using an alkaline phosphatase biotin-streptavidin-amplified system (StrAviGen; BioGenex, San Ramon, Calif.) as previously described (16) . A MAb that recognizes an epitope overlapping the nuclear localization sequence of the p65 subunit in NF-B dimers (Chemicon International, Temecula, Calif.) was used to detect the activated form of NF-B. The epitope is unmasked following NF-B activation by its dissociation from the cytoplasmic inhibitor IB (63) .
Transepithelial leukocyte migration. We adapted a procedure previously established for T84 cells (48, 56) to assess neutrophil migration through the polarized endocervical (End1/E6E7) monolayers in our dual-chamber culture system. After 6 h of treatment, culture inserts were placed in 24-well plate chambers holding 0.5 ml of Ca/Mg-supplemented HBSS-10 mM HEPES. HBSS supplemented with 10 nM fMLP served as a positive control. At least three epithelial monolayers were subjected to each condition. Neutrophil suspensions were placed on the basolateral surface of each monolayer, and the neutrophils were allowed to migrate for 90 min toward the apical epithelial surface facing the bottom chamber of the dual compartment culture system. In some experiments, neutrophils were mixed with anti-CD11b and anti-CD47 MAbs at 10 g/ml before addition to epithelial culture inserts. At the end of the incubation period, the neutrophils in the bottom migration chambers were lysed with 0.5% Triton X-100 and assessed for myeloperoxidase. Lysates were mixed with equal volumes of ABTS [2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt] substrate (Sigma) in 1 M citrate buffer (pH 4.15) in the presence of 0.03% H 2 O 2 , and ODs were read at 405 nm by using the multilabel Victor 2 microplate counter and Wallac 1420 software, version 2.01. FIG. 6 . DNA binding of proinflammatory transcription factors recovered from nuclear extracts of epithelial cells exposed for 5 h to nontoxic concentrations of TNF-␣ (25 ng/ml), N-9 (3.7 g/ml), and CAP (2.5 mg/ml). Sodium acetate at 2.5 mM served as the diluent control (DIL) for CAP. The effects of TNF-␣ were tested in the presence or absence of CAP (2.5 mg/ml) and DIL (2.5 mM). The results represent means and standard deviations obtained for at least three independent experiments performed with endocervical, ectocervical, and vaginal cells. The y axes show indexes computed as increases of AP-1/cFos (A) and NF-B/p50 (B) binding in nuclear extracts of compound-treated cells over those of cells in plain keratinocyte serumfree medium (culture baseline) divided by the blocking buffer background for each factor. Manufacturer-provided nuclear extract of TNF-␣-stimulated HeLa cells and competitor oligonucleotides (oligoNT) were used as controls for each assay. (C) Protein recovered from nuclear extracts in five independent experiments. Data are expressed as percentages of untreated (medium [Med]) control and presented as means Ϯ standard deviations. n.s., not significant.
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Statistical analysis. Prism, version 3.0 (GraphPad Software, San Diego, Calif.), was used for analysis of variance and Dunnett's multiple comparison tests. A P value of Ͻ0.05 was considered significant.
RESULTS
Soluble CAP at concentrations causing >90% inhibition of HIV-1 replication maintained its stability and anti-HIV-1 activity in the cervicovaginal epithelial cell environment while remaining innocuous to epithelial cell vital metabolic functions. CAP remained stable after continuous culture in conditioned media for 24 h regardless of cell type (Fig. 2 shows 100% recovery of 2.5 mg of CAP/ml from culture supernatants). At the same time, CAP was invariably nontoxic to the vaginal, ectocervical, and endocervical epithelial cells, as demonstrated by the metabolic function MTT and ATP assays (Fig.  3A and B) . Similarly, CAP remained nontoxic in the presence of a biologically active dose of the proinflammatory cytokine TNF-␣ (40 ng/ml), which was used in this study to model a heightened immunoinflammatory state of the vaginal epithelium (Fig. 3C) . In comparison, N-9 was toxic to the epithelial cells at about 2-log-lower doses (Fig. 3D) .
At the same nontoxic dose range, the soluble form of CAP was shown to be effective in inhibiting infection by all of the laboratory-adapted and primary HIV-1 strains tested (28, 41, 43, 44) . In this study, we confirmed the sustained anti-HIV-1 inhibitory activity of CAP present in endocervical epithelial cell culture supernatants (Fig. 4) . Medium controls (serumfree keratinocyte medium, 10% fetal bovine serum-supplemented RPMI, and PBS) were run in parallel. As shown in Fig.  4 , the type of culture medium or the presence of epithelial cells did not affect the inhibitory activity of CAP on HIV-1 IIIB infection.
In contrast to N-9 and TNF-␣, CAP did not activate NF-B and attenuated cFos nuclear binding in cervical and vaginal epithelial cells. Our laboratory has previously shown that N-9 can induce NF-B activation in vaginal epithelial cells in vitro and that repeated vaginal use of N-9 is also associated with increased epithelial NF-B activation (21) . In this study, we compared the effects of CAP at its highest concentration (2.5 mg/ml) to those of N-9 used in its nontoxic dose range (1.8 and 3.7 mg/ml for 24-and 6-h incubation times, respectively). TNF-␣ at nontoxic doses of 20 and 40 ng/ml, as determined by MTT assay (Fig. 3C ), served as a positive control. Exposure of epithelial cells to TNF-␣ and N-9 for 6 h triggered a marked NF-B activation, as demonstrated by the specific immunocytochemical labeling of the unmasked nuclear localization sequence of NF-B p65. As shown in Fig. 5 , NF-B activation was observed in the absence of morphological changes in cultures treated for 6 h with nontoxic doses of TNF-␣ and N-9. At the same time, CAP and a control cellulose derivative remained neutral under the same conditions ( Fig. 5E and F) .
Transfactor assays in parallel cultures demonstrated that TNF-␣ and N-9 induced 2-to 10-fold-increased DNA binding of NF-B/p50 and AP-1/cFos proteins recovered from nuclear extracts of stimulated cells compared to those of nonstimulated control cultures. However, CAP at 2.5 mg/ml or its diluent control did not have such an enhancement effect (Fig. 6) . Controls with competitor oligonucleotides (500 ng/30 g of nuclear protein) confirmed the binding specificity between DNA and the transcription factors in these assays. TNF-␣-induced nuclear binding of cFos, but not p50, was significantly inhibited (P Ͻ 0.05) in cells exposed to CAP (Fig. 6) . None of the test compounds had a significant effect on nuclear protein recovery from the cell extracts (Fig. 6) . In contrast to TNF-␣, CAP did not induce cytokine and chemokine upregulation and basolateral secretion. Our laboratory has previously shown that the proinflammatory cytokines TNF-␣ and IL-1␣, like N-9 and gonococcal lysates, trigger a proinflammatory cytokine cascade in cervical and vaginal epithelial cells after their exposure to the above reagents for 24 h (17) (18) (19) 21) . In this study, we used the proinflammatory cytokine TNF-␣ as a positive control for comparison with CAP of the potential to trigger the proinflammatory responses in vaginal monolayers and polarized cervical epithelial vaginal cells showed low baseline production of all mediators (Fig. 7) . In polarized endocervical epithelial monolayers, apically applied TNF-␣ significantly increased the basolateral secretion of IL-6, IL-8, growth-related oncogene ␣ (GRO␣), IP-10, and MIP-1␤ (P Ͻ 0.05) within 6 h of exposure (Fig. 8A to D and F) . In parallel cultures, N-9 at a nontoxic concentration (3.7 g/ ml) increased the basolateral secretion of IL-8 and IL-6 (P Ͻ 0.05) while CAP (2.5 mg/ml) and the acetate diluent control had no significant effect on any of these mediators (Fig. 8A and  D) . Similar results were obtained by using CAP at lower concentrations with its diluent (data not shown). There was no difference in IL-1␣ concentrations (Fig. 8E) , which, in accordance with previously established correlations with viable cell counts (17) , confirmed the lack of compound-induced cytotoxicity. In comparison to medium control and CAP-treated cultures, gonococcal lysates and N-9 induced significantly increased basolateral secretion of IL-8 not only during the first 6 h of exposure but also 24 h after stimulant removal (Fig. 8G) .
CAP had no delayed effects on cytokine and chemokine production by vaginal and cervical epithelial cells. To further investigate whether the epithelial cell barrier function may be altered in the washout period after removal of microbicide compounds, we evaluated cytokine production as well as resistance of polarized endocervical epithelial monolayers to neutrophils transmigration after 6 h of exposure to CAP and proinflammatory control stimuli.
The 6-h stimulation with TNF-␣ and N-9 induced secretion of IL-6 in epithelial cell culture supernatants that continued in the 18-h washout period after removal of stimulus (Fig. 9A) . In contrast, CAP-treated cultures showed no delayed increase of cytokine production within the 18-h follow-up period. CAPtreated TNF-␣-stimulated cultures showed a tendency for decreased IL-6 release in the 18-h washout period. However, these effects did not reach significance.
The TNF-␣ stimulation increased the intracellular IL-1␣ fraction in the 18-h washout period (Fig. 9B) , which was associated with a decreased IL-1RA-to-IL-1␣ ratio obtained from FIG. 9 . Cytokines measured in culture supernatants or cell lysates obtained from vaginal epithelial cells after 6 h of continuous exposure to nontoxic concentrations of N-9 (1.9 g/ml), TNF-␣ (25 ng/ml), CAP (2.5 mg/ml), and acetate diluent (DIL) control (2.5 mM) and after a subsequent 18-h washout period. The effects of TNF-␣ were tested in the presence or absence of CAP (2.5 mg/ml) and DIL (2.5 mM). Similar results were obtained by using CAP and its diluent at lower concentrations (data not shown). (A) IL-6 concentrations in culture supernatants; (B) intracellular (ic) and extracellular (ec) concentrations of IL-1␣ in culture supernatants and cell lysates, respectively, measured in the 18-h washout period after removal of stimulus; (C) IL-1RA-to-IL-1 ratios computed from concentrations measured in cell lysates obtained at the end of the 18-h washout period; (D) protein concentrations measured in total cell lysates by BCA protein assay. Data are means and standard deviations of the results from duplicate cultures in one of three independent experiments. Results represent means Ϯ standard deviations.
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lysed cells (Fig. 9C) . CAP had no significant effects on the intracellular stores of IL-1␣ per total cellular protein (Fig. 9B) or the IL-1RA-to-IL-1 ratio in resting or TNF-␣-treated cultures (Fig. 9C) . CAP or control diluent treatment in the presence or absence of TNF-␣ had no effect on total cellular protein recovery (Fig. 9D) .
To evaluate possible adverse effects of CAP on epithelial protective responses against bacterial pathogens, we examined whether exposure to CAP may weaken the ability of the epithelial cells to produce IL-6 and IL-8 in response to N. gonorrhoeae challenge. IL-8 plays a critical role in the clearance of bacterial infection by recruitment and activation of polymorphonuclear cells (30) . IL-6 is responsible for the production of acute-phase proteins, which function to opsonize bacteria; furthermore, it costimulates T cells and serves as the principal growth factor for activated B cells (13, 24) . While amplified epithelial production of IL-8 and IL-6 induced by chemical irritants in the absence of pathogen may lead to mucosal damage (17) , the production of these mediators in the acute phase of bacterial infection is part of the normal mucosal defense program (14) . In a previously established vaginal and cervical epithelial infection model, both cytokines were induced by bacterial infection and soluble bacterial determinants (18, 19) . In this study, endocervical epithelial cells were incubated with escalating doses of CAP or diluent for 24 h, washed, and challenged with a whole N. gonorrhoeae lysate for another 24 h. The supernatants were collected for cytokine measurement by ELISA. The results showed that regardless of preexposure to CAP or diluent and medium controls, N. gonorrhoeae lysates induced a significant increase of IL-6 and IL-8 production by endocervical epithelial cells compared to unstimulated (medium) control (P Ͻ 0.05 and P Ͻ 0.01, respectively). No significant differences were observed between CAP and diluent treatments (Fig. 10) . Similar treatment by CAP did not affect the responses to TNF-␣ and N-9 (data not shown)
To test the functionality of chemokine responses induced by inflammatory challenge in the presence or absence of CAP, polymorphonuclear neutrophils (PMNs) were allowed to transmigrate across the endocervical epithelial barrier grown on 3-m-pore-size membranes. In this model system, PMNs moved across the epithelial layer toward the bacterial chemotactic peptide fMLP in a CD11b-and CD47-dependent fashion; however, they could not pass the tight epithelial barrier in the absence of fMLP (Fig. 11A) , suggesting that epithelial neutrophil activation was involved in this process (48) . TNF-␣-induced epithelial activation for 6 h was sufficient to allow basolateral to apical neutrophil passage in the absence of fMLP (Fig. 11B ). Exposure to CAP did not modify the epithelial resistance to PMNs and had no significant effect on the TNF-␣-induced neutrophil migration (Fig. 11C) . No difference was observed between CAP and the diluent control in this bioassay, confirming the inert nature of CAP determined by the chemokine protein arrays and ELISA.
DISCUSSION
The inflammatory reaction within the female reproductive tract may be essential for immune responses to and clearance of bacterial infections. However, in the case of infections by viruses, particularly HIV-1, the proinflammatory mediators may lead to viral replication in latent viral reservoirs and increase the availability of potential host cells for new viral infection (Fig. 1) . The strong association that has been established between inflammatory response and HIV-1 acquisition (53, 66) underlines the crucial importance of unraveling the molecular mechanisms of the vaginal mucosal barrier functions in health and disease. Proinflammatory cytokines and the transcription factors governing cytokine expression play a critical role in HIV-1 pathogenesis. Some of them, such as IL-1, IL-8, and IL-6, have been studied in genital fluids as correlates of bacterial infection in vitro and in vivo (5, 7, 15, 25, 54, 64) . Moreover, pilot clinical investigations and animal studies have suggested their value as markers of skin irritation, mucosal toxicity, and cervicovaginal inflammation (11, 12, 17, 21, 45) . Nevertheless, little is known about their expression and regulation in cervical and vaginal epithelial cells under conditions of chemically induced inflammation.
Inflammatory reactions in the case of chemical irritation can be initiated by membrane damage of the mucosal epithelial cells, which is followed by release of prepackaged cytokines of the IL-1 family and a subsequent cascade of cytokine-mediated inflammatory events (Fig. 1) . The membrane damage of epithelial cells leads to immediate release of intracellular stores of IL-1 cytokines and their specific counterpart, IL-1RA. IL-1RA is a structural homologue of IL-1␣ and -1␤, which binds to IL-1RI (the biologically active IL-1 transmembrane receptor) with almost the same avidity as IL-1 but fails to initiate signal transduction due to blocking of the intracytoplasmic association of IL-1RI with the IL-1 receptor accessory protein (3). In different cell systems, it has been estimated that a local ratio of 100 or greater of IL-1RA to IL-1 is needed to inhibit the biologic effects of IL-1 on target cells (2) . In the quiescent cervical and vaginal epithelial cells, a ratio of Ͼ20 is needed to maintain a low baseline production of most proinflammatory molecules. We found that continuous stimulation of cervical and vaginal epithelial cells with TNF-␣ and N-9 shifted the intracellular balance due to excess IL-1 production and relative FIG. 11 . Transepithelial migration of human polymorphonuclear cells (PMNs) measured by myeloperoxidase (MPO) activity in the migration chamber of a dual-compartment polarized endocervical cell system. (A) Anti-CD11b and CD47 antibodies were applied to the apical surface, and PMNs were allowed to migrate for 30, 45, 60, and 90 min toward basolaterally applied fMLP (10 Ϫ6 M); (B) basolateral-to-apical neutrophil migration through TNF-␣-preactivated or fMLP-exposed epithelial monolayers; (C) basolateral-to-apical migration of neutrophils through monolayers preexposed to CAP (2.5 mg/ml) or diluent control (DIL, 2 mM) in the presence or absence of TNF-␣. Similar results were obtained by using CAP and its diluent at lower concentrations (data not shown). Values represent means and standard deviations of the results from triplicate cultures. N.S., not significant; ϩ, present; Ϫ, absent. K ϭ SFM, keratinocyte serum-free medium.
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decrease of IL-1RA stores, which agrees with the demonstrated NF-B (p65 and p50) activation and the increased production of NF-B-regulated cytokines and chemokines by these cells. These findings correlate with upregulation of both chemokine concentrations and functions measured by increased neutrophil transmigration via the polarized epithelial barrier demonstrated in this study. Some of these chemokines, e.g., IP-10, IL-8, and GRO␣ are not only involved in recruitment of CD4 positive cells and neutrophils but also have been found to directly activate viral replication in HIV-1-infected cells (31) (32) (33) (34) . N-9 can disrupt the epithelial cell barrier due to its detergent nature. The nondetergent microbicides that possess low cytotoxicity may still harm the mucosal barrier by inducing or amplifying proinflammatory signals beyond the time when they are present at effective doses to kill or inhibit HIV-1. Proinflammatory cytokines such as IL-1␣, IL-6, and TNF-␣ stimulate viral replication in latently infected cells via NF-B responsive elements in the long terminal repeat region of HIV-1 and promoter regions of other sexually transmitted viruses such as human cytomegalovirus (50, 52) . Latently infected quiescent T cells or monocytes/macrophages may constitute a considerable inducible HIV-1 reservoir in the genital secretions of both men and women (22, 67) . Previous studies have shown that cervicovaginal secretions contain factors capable of inducing HIV-1 replication in latently infected cells and that such factors may be enhanced in the washout period after repeated N-9 use (1, 21) . Therefore, it is particularly important to rule out perpetuation of inflammatory reactions in the period after microbicide removal. In our model system, nontoxic doses of TNF-␣ and N-9 induced continuous production of IL-6 and other proinflammatory mediators for 18 h after removal of the stimulus. CAP did not induce an increase of these mediators nor attenuated cytokine production induced by gonococcal determinants. At the same time, CAP decreased while N-9 significantly increased the DNA binding activity of cFos in the vaginal and cervical epithelial cells. The mechanism of CAP-mediated potential anti-inflammatory actions warrants further investigation.
In our study, N-9 caused both NF-B (p65 and p50) and AP-1 (cFos) activation while CAP remained inert in terms of both factors and even attenuated TNF-induced cFos nuclear binding. Both NF-B and AP-1 are activated and can potentiate each other in conditions of chronic inflammation and have been implicated in HIV-1 pathogenesis through upregulation of proinflammatory cytokines or binding to viral promoter regions and direct activation of viral replication (4, 36, 49, 59) . The NF-B dimers p65/p50 and p65/p52 can synergize with other transcription factors such as AP-1 to stimulate HIV-1 transcription in infected cells (49) . AP-1 is a dimeric factor composed of subunits that bind DNA basic leucine zipper motifs including members of the cFos and cJun oncogene families and the closely related activating factor proteins. AP-1/cFos coregulates the expression of IL-6, IL-8, and other proinflammatory genes together with other transcription factors such as NF-B and CREB (9) . HIV-1 has also been associated with increased AP-1/cFos upregulation in activated T cells and monocytes (23) . Thus, the concurrent NF-B and cFos activation by N-9 may facilitate the synergistic effects of these factors on HIV-1 replication in latently infected mucosal cells. On the other hand, AP-1 is involved in the regulation of the epithelial differentiation program, proliferation control, and carcinogenesis (58) . Although the role of cFos, as part of AP-1 or other transcription factor complexes, in the development of benign and malignant genital tumors has not been fully elucidated, its overexpression can promote malignant transformations in vivo and in vitro (38, 46, 55) , suggesting that its suppression by CAP in the genital tract may have a beneficial impact on the prevention of cervical cancer. On the other hand, the significantly increased cFos transactivation by N-9, which is still on the market as a contraceptive spermicide, is particularly worrisome and requires further studies.
In conclusion, the proinflammatory transcription factors NF-B and AP-1 and related proteins emerge as important biomarkers of immunoinflammatory side effects of some vaginal products. The differential effects of N-9 and CAP on the NF-B and AP-1 proinflammatory pathways observed in our in vitro model system suggest that it can be used for evaluation of vaginal microbicide candidates with various mechanisms of action.
